IV m Mr 1 












fif! pfilii !?*** 



COMPLiTIOa. CALIBRATION AhL T~ STING £8 /H* A ft* 11)? KjR 



MEASURING THE Til mAh TF/SS-Vm/ KCfc a, i/BF.ICS 



A Thesis presented to the Faculty of the Lowell 
Textile Institute as a pnrtisl requirement for the 
degree of Master of Science In Textile Engineering 



TABLE OF COK'r -ITC 






A cknowlodcrsent • • 

Introduction • •••••••••••••.. 4 

Purpose « • • . 6 

Theory «••••• ....... 

Apparatus ....... •• 10 

Procedure 

(s) Calibration ............ £2 

(b) Testing ....... 

(o) Operating Instructions ....... 27 

Sample Calculations •« ••••»• 29 

Sustssry of Date. 50 

Hots 58 

discussion end Conclusions ......... 41 

Suggestions for Future ’>.ork 47 






ISSSb 









ACIUWhLEBGMEfcT 



Tiio author extend© hla sincere appreciation to 
Professor harry C. Broun cf the Textile Engineering 
J}©part*ent for hie advice and coaiatrnce in all phases 
of the work of this thesis# 



4 . 



IHTROETiCTION 



Sine© very early times men has worn clothing to 
protect him from extreme a in temperature. In the cold 
climates skins of animals were uoed, while In the tropics 
such fibers es cotton and flax were vfovon into fabrics. 
Although it has always been known that different fabrics 
and fibers were warmer or colder when used as garments, it 
was not until 1890 that actual study of the thermal trans- 
mission of wearing apparel was undertaken to any greet 
extent. Bine© this time many apparatuses for the measure- 
ment of thermal transmission or insulation have been 
developed, Borne of these followed closely devices already 
in us© for the measurement of the thermal transmission of 
natal a or other solids. The typos that hove been used in 
the study of textiles may be divided into three groups s 
(1) two plate method as exemplified by the M.X.T. Ilecfc 
Transmission Apparatus-**; (2) cooling method as used by 
Prieatman in 1921; and (3) constant temperature method, 
the best example of which is the apparatus at the Motional 
Bureau cf V tandardt* • This last typo would appear to be 

1, «'t.yon Textile Monthly, fept.-Ocfc. 1940 

2. ft* 3. Cleveland, An Improved Apparatus For Measuring 
The Thermal Transmission Of Textiles, HBf Vol. 19, 
be. 6, Fee. 1937 
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tho one in roost general use today* It ia the method ueod 
by oil the cooperating laboratories in tho investigation 
conducted by the American Society for tooting Kntorinls to 
determine a ottndord test for evaluation of the thermal - 
tronamioolon characteristics of textile fabrics - • 

The apparatus to bo described ia cn adaptation of 
the conatont temperature, flat pint© method and la similar 
in principle to the Motional Bureau of Standards machine 
developed by Cleveland* Several new ideas have been 
Incorporated which tend to give simplicity of testing 
without any loss of accuracy* Any desired tomperaturo 
difference between tho hot plat© end testing chamber is 
automatically maintained by moans of photoelectric tubes 
end amplifiers* 



1* a* x irmton & F* Baker, J'easuremcnt of The Thermal 
Transmission of Textile habrics, ACT<* Bui* He* 16£, 
tec. 1949 
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PUSFOPK 



‘Jho purpose of this thesis is* (1) tc complete 
the design pnd. construction of en apparatus for measuring 
the thermal transmission of textile fabrics; (2) to 
calibrate tho apparatus so that any desired temperature 
difference between the hot plate and cold junction aasy be 
set on tho dlel and autccmtlcolly maintained} end (b) to 
conduct tests to determine the accuracy and reproducibility 
of results* 
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TuEOin: 



Conduction, convection, and radiation aro tho 
three main processes by which heat is transferred frc. 
one region to another. Conduction is the transfer of heat 
by direct contact between two bodies or action between 
molecules within © body. In the case of fabrics the hoat 
energy passes by contact first from the heat source to 
the fibers in contact with it and then freaa fiber to fibsr 
until it passes completely through tho thickness of the 
fabric, There is also sene conduction by the air 
entrapped within the fabric. Convection la the transfer 
of host energy by moons of the motion of matter. It 
refers to motions occurring In liquids end gases and not 
the random molecular motions occurring in all bodies. The 
convection concerned with here is that of tfco entrapped 
air within a febric. It will bo sot in motion by tho 
change in density due to the heat frem the hoat source and 
tho fibers. The rcaount of radiation is determined by tho 
nature of the emitter end ifce temperature. It Is tho 
transfer of heat by radiant energy* All bodies edit end 
absorb radiant energy continually. In tho case of fabrics 
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tho radisnt energy may be transmitted through the material 
or conducted hoot may be radiated from the surface of the 
fabric. 

In this work no etterapt has been made to sen ©rate 
the different nethods of hoot tronefer, therefore, all 
three are being measured, Th© heat source is a flat 
copper plate* The fabric Is placed cn tbie plate end the 
amount of eloctricel energy necessary to hoop tho plate at 
a constant temperature is measured, The air above the 
fabric is also kept at a constant temperature but at sos&o 
level below fchet of tho copper plate, Thus, the heat 
transferred by the fabric ia oqual to tho electrical 
energy, converted into heat energy, cujplied during the 
time of the test. In order that all the best loss frora 
the copper plat© shall take place through the fabric, the 
guard-ring principle hr. a been used. The beet source is 
surrounded by guard units v*hleh sro kept at the serre tem- 
perature aa the control plat©, and thus prevent heat loos 
either laterally or downward. 

/utoraetic control a have been installed on the 
apparatus in order to shorten tho time of each test and 
also to ©limine to the constant attention of »n operator. 
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The automatic controls necessitate an on and off supply of 
currant to keep tho temperature of the heat source constant 
because the exact continuous current necessary for a given 
fabric cannot bo predicted before testing and its detor- 
nvinaticn would unduly prolong o test, Since nichrctn© 
heating coils are used for tho apparatus, the current 
supply for the central hooting plate is on a high •- low 
basis. That is, instead of turning off when the plate has 
reached the desirsd temperature, the current is turned to 
a lower value that is equal to half the high current, ibis 
is clone to pertly eliminate the effects of the temperature 
coefficient of resistoncc of the nlchrene. It else gives 
lose variation in temperature end a slower change that 
prevents tho temperature of the central coil from over- 
shooting or ’undershooting its mark after the high current 
is either turned on or off by th© relays. 

The electrical input in watts to the central 
plate moy be measured by tho 1%. method, tho El method cr 
by using e watt-hour meter to measure energy input. *>cr 
the purpooe of this work, the watt-hour scoter may b© 
eliminated because direct current is used and no watt-heur 
meter is available in the proper volt range. The I 2 R 
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raothod ici raoet sotl s factory vhc n the nlchrco© heating coll 
is e.t a comotant temperature, thon no correction for 
temperature has to to© made* As testa were conducted with 
the control plat© temperature ranging from £0° C. to 45° C., 
this method of measuring the wattage was not satisfactory* 
The El method gives the most satisfactory roaulte with the 
least chance of orror* The main source of error in this 
method is the variation in voltc-gc supply* This has been 
reduced ns for as possible toy connecting the central 
plate heating coil direct to the battery terminals* 

Sone thought must be giver, to the proper instant 
for storting and stopping a teat and fch© length of time of 
each test. Ae the current is on n high - low basis, the 
best overall average would toe obtained toy storting end 
stopping each tost at the a are point in a cycle. Ira order 
to obtain regular cycles, the high and lew currents should 
too so set that they are each on ono-helf the tot ''l tic© of 
the tost* Thin erase reanening holds true for the guard 
units but, es the power input to these beating coils ic 
not measured, the on-off current is satisfactory. 
Theoretically, the total time of ti tost cry bo of any 
desirebl© duration* however, due to the cycling of the 
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current supply, the longer the tlno of tho test the better 
chance of averaging out sene of tho uncertainties, L urine 
any toot there will bo sere moisture driven off from the 
fabric and tho boat neceocnry to vaporize thia moieture la 
measured. Thus, an error lo Introduced here thst will vary 
for fabrics of different moisture content* From tide 
standpoint a abort teat Jould bo desirable oo that all 
fabrics vowld bo tooted e.fc eleso to their ncraal moist ure 
content* 

Tho coefficient of boat transfer es ntoatsuroO by 
this apparatus is computed In cnlorles/aeecnd/r jtsr 8 /d©gro© 
centigrade* It is tho quantity of beat supplied to the 
contra! plate per second divided by tho difference in tem- 
perature between the copper plate end the test chamber end 
tho area of the plate* The electrical energy supplied to 
the centre! plate la neaaurad by? 

* V|jt+ 
i * joules 

Ijg a high currant in amperes 

% a voltage corresponding to Ig 

Xj, « low current In ampere a 

1-k a voltage coinrc spending to 
T » total tine of toot 
t * tine high current ia cn 



The numerical relation botwoen hoot end 
mechanical energy, which io Implied by the first lew of 
fcheneod.ynsml c c, woe measured. by Joule about 1840, Thic 
work showed that on© caloric In equivalent to 4*186 jouloa. 
Thu®, the heat In calorie® supplied to the copper plate ia; 



The coefficient of heat transfer ie then 
computed oo i 

K 58 T*nm~r~s 

A * area of central plate In square motors 

3 » temperature difference between control 
plate and test chamber 

It will be noted that no mention la made con- 
cerning the linear distance between the two sides of the 
material* Shis is normally token into account when 
measuring thermal conductivity of metal a, however, as the 
true effective thickness of fabrics is indeterminable, 
this value has not boon used. 

The standard formula for thermal conduction la; 

a m h t 

a 

q » heat transfer 
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k « thermal conductivity 
A # cross sectional area 
fcj*tg • temperature difference 

s « distance between measuring points 
This shove that the hoot transfer Is inversely proportional 
to the thickness of a epeciisoa. In testing good conduc- 
tors euch as metals* this fact holds true but* in 
measuring such things as textiles* other factors enter Into 
the picture* Textiles arc poor conductors due to tho air 
entrapped In them* It has boon found that the heat loss 
through a fabric is greeter than through on equal thick- 
ness of eir* conduction through the actual fibers being a 
contributing foctox^* Boos also pointed out that for 
fabrics of thickness greater than 100 rails* tho equivalent 
air thickness is less than tho fabric thickness by about 
SO por cent at 100 mils fabric thickness* end about 40 per 
cent at 400 mile fabric thickness. Thus, one night not 
expect tho thermal transmission of fabrics to bo Inversely 
proportional to thickness* 



i, W* ft* ’feces, J. Textile Institute* /.ug. 1041 
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In computing tho coefficient of heat transfer 
the formula used would indicate that the cctuel torpora- 
ture gradient would hove no effect* Actually, this night 
not ho truo »a conduction, convection and redint Ion ero 
being measured together* At higher temperatures tho 
radiation end convection effects rr.ay be much gi'eeter than 
the effect of conduction* Under theca conditions tho 
coefficient of heat transfez* trill tend to increase. 
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ah : i atir 

The measuring apparatus end electrical circuits 
cro the same as described in a previous thesis 1 , with 
additions and modifications as described In the following 
sections* Also sec figures 1 end C* 

He at Inn Circuits 

The central plate heating coil was diccennoefcod 
frera the common 40 volt JOC lino end. a 40 volt 1C lino run 
direct free* the battery roots to the control plate* This 
was done to eliminate the interference of the three guard 
unite which caused the central plate current to vary 
whenever they were turned cn os* off* A blank prong on the 
sly. prong plug in the testing chamber was used to connect 
the central plate with the 40 volt line* 

A groat deal of trouble was experienced at the 

start of the calibration with the relays failing to 

operate* In order to eliminate this, a series of changes 

were laedo In the amplification circuit* The heaters for 

rTTTOT^hesi s Ho* , 1960, An Apparatus For 

Measuring Tho Thermal Transmission Of 1'fibrics 



1C. 



tho two CCS tubes were taken fr ran tho 6 volt tC lino ond 
connected to o Cl. 3 volt AC trcnRfomar* Thin prevented 
any change in operating character lot lea Cue to battery 
failure end made the heaters independent of tho other 
circuits. 

The resistances in the grid circuits of tho CCS 
tubes were chcngod from #5 negates to 1 tr.egote in order to 
increase tho grid bias* As the grid bias was still low, 
tho adjustable resistance in this circuit was removed 
and the connection jna.de direct to the o volt line* A 
voltage divider between the 120 and 0 volt linen was then 
used end o 75 ote adjustable resistance connected to the 
cathodes in order to give the proper grid Mas* This 
clinlnetod the 6 volt DC lino to the cathodes* 

In order to task© the nystoss tsoro s«nsitive to 
ehrngco in tho spotlight galvanometer, tho photoelectric 
cello were moved away from tho light about one-half inch 
and thoir ends overlapped. Thus, when tho spotlight 
changes only a snail degree in its az*c, it can novo fron 
tho sensitive element of one photoelectric tube to the 
other. 

Tho box containing tho galvanometer, amplifier 
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oyafcoas arid photoelectric tubes wen sup; erted ot each 
corner free an overhead bean by means of four apringe In 
order to ©linlnafce vibrations reaching the galvanometer. 

All the connections in the amplifying circuit 
and relays were re soldered to give n good contact* 

The following equipment was installed: 

1* Two 5000 ohm relays In the shelf coll 
circuit 

£• A 456 ohsi rheostat In the shelf cell 
circuit 

5* An tuErr.oter In such guard wait heating 
circuit 

4* A relay in the high current circuit cf 
the control pic to heating ceil to turn 
an electric ©loci: on or off with this 
current 

5* A 1X0-1C0 volt 00 cycle elect: 

6* A 0-0 ehn rheostat in the therrtovoltsge 
cancellation circuit for the central 
plate 

The refrigeration unit was overhauled end 
refilled with SOg but it become inoperative after only a 
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fow toots war© run* Therefor©, tbe taujority of the toata 
wore run with the cold junction rt roesi toatperature* fn 
attempt wo a made to keep this rt fl° 0. but it woo not 
constant# On vana days the rcorc trope* nature woo of ht^h 
os £7° C, 




£L£CT/VCAL CIRCUIT'S 
FlbJRL 1 








SCHEMATIC ORAWIMb OF APPARATUS 
FIGURE IT 




















Identification of Pl/»nro IX 



a. 



1 Voltmeter ncroso control pinto heating coll 
C fimenot or in central plate heating coll circuit 
5 Switch - ilu volts AC - for oloctrlc clock 

4 Switch - 40 volts EC - for guard unit tenting coils 

5 Switch - 110 volts AC - for synchronous motor 

0 Switch - 110 volts AC « for 6*5 volt tranefowser 10 

7 switch « 120 volts XX* - for holding current 

8 Switch - 110 volts AC ~ for e# 5 volt transformer 55 

9 twitch - 40 volts EC «* for central plate heating coll 

10 Transformer - 110 \ T olto - 6*0 volts « for gel venose tor 

light 

11 Low current contact in central plat© heating coil circuit 
IB Bheoctet In control plate heating coil circuit 

twitch for low current in control plat© besting coil 

circuit 

14 r.elny in central plat© heating coll circuit for* oloctrlc 

clock 

15 Rheostat in top guord ring hosting coii circuit 

16 rheostat in bottom guard ring heating coii circuit 

17 rheostat in shelf hosting coil oircult 

18 Ammeter in shelf heating coll circuit 

19 Anwetcr in bottom guard ring heating coil circuit 
£0 Aaswster in top guard ring heating coll circuit 

21 Synchronous motor - 110 volte AC » l LP& 

22 Switch for theraovoltege cancellation circuit 

25 Kot»ry switch for thermocouple circuits and releye 
£4 Mhoostefc in thermovoltege cancellation circuit 
£S Temperature rheostat In thermcvoltage eancellatlvn dbccuSt 
£6 Electric clock for high current in central plate coating 

coil circuit 

V7 Relay* In shelf besting coil circuit 

28 Pel *y n in bottom guard ring hosting coil circuit 

29 Relays in top guard ring hooting coil circuit 

20 Relays In central piste heating coil circuit 

21 tottery - 1*8 volts - in tkermovoitege cancellation 

circuit 

5£ resistor - 1000 «* in cathode circuit of €05 fcubee 

50 Transformer * 110 volts - 6*2 volte - for heating 

circuits of 605 fcuboo 

£4 Spotlight galvanometer 

55 Locistor » 75 a. variable *» in cathode circuit of GC5 

tubes 

56 Photoelectric tubes - Gitron 1C 

57 Amplifier tubes - GCS 



£~* 



10*4 



A sensitive thermcnGtcr was placed on the central 
pit to and the bulb viao covered witli putty* As tho oaiuy 
utagoo of the calibration were acccraplished while tho 
ccffiprosBor* was still operati ng» the tooting oeMnot was 
brought to 4° G. and the colls tuz-ned on and oliot/ea to 
ho r.t to the desired temperature* See page 27 for operating 
instructions* the 1G0OG dm resistor In the central piato 
besting coll circuit was sot so that tho theiasovoltage 
cancellation current v.aa C*C mill i ampere, this current 
was such that the 06 oh® regulator could be calibrated in 
difference a of temperature between the not plat:, and cold 
junction ranging frees 15° G, to 40 c C* 

CTho initial calibration allowed a variation of 
4=- 1° 0* for any particular setting of the temperature 
rheostat* that is p the temperature difference would be 
1° C, over the setting before tho heating coil wouxc bo 
turned off and 1° C. feclor* tho setting before tho heating 
coil come on again* In or-dor to make the apparatus rsoro 
sensitive to fce=spore.ture al-&ng«s # the photcelestnc tubes 
ware moved away fro© tho g&lvonomofcer lamp locating th«K at 



# greater radius from tho mirror* '‘hue, tV t*r. 4 'ro» 

tur* chmogo nov would caoce tho 11 g><- to ■ cv farther 
&ci*o f n the photoelectric tubes* ?‘h> onde of tb* tubes 7;©re 
rv flapped to cut down the deorl space bet* ven th< . > © 

light now r.3«v©a from tho cathode of one tub© to tho 
cathode of the other without any intervening s^'ce, 1th 
these chigoe made, tho tetrper'-t/ure setting was u»uch ncre 
s^nn'tlve* 1 he greatest Wdrtetten no*? amount s to * 0.2° C# 
tifch tho tooting hoc: irept at a constant fce; peratux’o, the 
I recent gslvanowetsr should bo aeeex»«t« •‘motigh fey noxv nl 
testing* However* If at a later data It la found a more 
accurate temperrtur© control io necessary* a more sensitive 
galvanometer could be usod with the present circuits* 

Throughout the ci'librotion of the central plat© 
the temperature of the top guard unit was also noted. This 
stayed within 1° C, of the central plate. It vma always 
□lightly ievor due to the difference in locution of the 
thejEioe#oter and tho fcfccmooouplo loads. Ho atU.v, x t ns 
»ad« to r ensure tho actual temperature of tho bottom 0 - cud. 
unit or sbolf coil as these were enclosed in fcha box. 

The Dotting© above 20° should be checked again 
as soon oo tho testing chanbor cen be brought oloso to 
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4° C. Those settings have not boon recalibrated elnco the 
refinements wore made. The tempore turc of the central 
plate should not be reload above 45° C, making tho 20° 
Betting the maximum possible when the testing chamber lo ct 
room temperature. However, the 25, £0, 25 and 40 degree 
settings ere close to the corresponding socle division end 
should only have to be changed slightly, If at oil. It is 
desirable to do all the calibrating with the thexnovoltsge 
cancellation current at 0.2 mllliempere eo that the use of 
only one scale will be necessary for a change in tempera- 
ture. Table I shows o series of readings taken at both the 
15 and 20 degree settings. These readings were at 5 minute 
intervals end show that the average for an hour la In error 
less then 0.2$ of the desired temperature difference. 

These readings wore taken with the testing box ©t roc® tem- 
perature. It will bo noted that the room temperature varied 
during the time the results were taken. Without this 
variation in testing box temperature, there is a possibility 
the error will bo even less than 0.l£. 
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TESTING 



The teet samples wore cut In 12** Inch equereo in 
order to cover the centi’al ploto rnd tcp guard ring unit 
with a smell ellowancc outside the guard unit. Table II 
gives a description of the fabrics used along with 
necessary details, such as weight, thickness, and per- 
meability. In conducting o test, tho specimen was placed 
on the central plat© in a smooth, fist condition, without 
tension. The identification teg was always placed in the 
lower right hand corner of the testing bcx. The apparatus 
was turned on as described in the Operating Instructions. 
For the firat hour the central plate heating coil rheostat 
was 3Ct ftt 0.7 ampere and each of tho guard unit rheostats 
sot at 1.0 ampere in order to beet the apparatus quickly. 
After about on© hour, the units started turning off, and 
the desired testing currents were sot— seo Table III. 

This table should be used to obtain approximate high and 
low currents. Tho object ia to select these eunent® so 
that the high current will be on approximately half the 
total time of the tost, fthsn tho galvencmetcr remained in 
approximately tho central position for © complete cycle of 



the rctex*y switch, the apparatus hed reached o c.u 1 lifer ita» 
end the test was begun. The start was either at the begin- 
ning or end of a high current cycle for the central plate 
heating coil. In order to best averoge the test, the 
stopping point was also at the some part of the high cur- 
rent cycle. It was found to be simpler to have the 
electric dock set at exactly 12-0000 and to start the 
test when the high current turned on. The total time of 
the test was measured by a wrist watch with a sweep second 
hand* The only readings necessary for c test are the tine 
of starting end stopping, the tine the high current is on, 
the temperature rheostat, end the high and low currents of 
the centre! plots heating coil* For most fabrics, a total 
time of 3 hours is satisfactory for a single test. The 
coefficient of host transfer is computed as shown on 
page 29 using Tables IV and V. 



£ 7 . 



oi f hating in> grjg^iow*. 

1. Seo that battery room voltmeter roads at least 1£0 
volts with 1£5 volts preferred. 

£• Tui*n on trickle charge for batteries. 

3. Turn on refrigerator. 

4. ring in four leads to test control board. 

5. Set tbemoectiple compensating current at 0.2 railii- 
ampere. 

6. Cot temperature rheostat at desired differential. 

7. Turn on switches 4, 5, 6, 7, 8, and 9. 

8. Place specimen on central plate without tension and 
in a asioofch condition. 

9. Sot central plate ctirrent at 0.7 ampere and guard units 
at 1.0 ampere each. 

10. -hen all heating coils are up to temperature, set 
currents to those desired for tost, 

11. hhen spotlight remains in approximately the central 
position for © complete cycle of the rotory switch, 
the apparatus is reedy to commence a teat. 

12. Start teat by turning on switch 2, observing time the 
high current to central plate turns on, and observing 
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electric clock 1 ending* 

IS* lun test for desired length of tl»e. irfeop by 

observing tiwe high current to control plato turns on 
raid electric clock rending. 

14* Calculate coefficient of hent transfer as shown in 
tho sample calculation on page 29. 












29 . 



f»A HILL CM.CtJLATIOJ* 



I R L H t 4- I l E l (T - t) 
~ .186 A ft T 



Symbol 

A . 

*11 • 

*L • 

% * 
% • 
t . 

T . 
A . 

ft . 
4.186 



. coefficient of host transfer 
. high current to central ploto 
• low current to central piste 

. voltego corresponding to %. 

. voltage corresponding to II • 

. time Xjj la on during teat . 

, tine of duration of teat . , 

. ere? of cor.trel plate . , . 

. temperature gradient .... 

. number of joules In 1 calorie 



Fabric ,4 



Uni to 

cal/aocAi^/ 0 ^ 

amperes 

amperes 

volts 

volts 

seconds 

seconds 

actors* 

°C 



Temperature rheostat 
High current • • • . 
Low current .... 
Test ended • . . . , 
Test 3 tnxfced . . . 

'I 

t , 

T - t 



£0° C 
• L5 amp. 

.10 amp. 
14-66-10 
10-64-47 
14486 seconds 
70C0 seconds 
7426 seconds 



iron 


Table IV 

> ■«iinn» *■»»«» ■ 




From Table 


V 


I • 


.55 


XL ** 


1.81 


ft * £0 




M 

* 


.18 


XL « 


0.&P64 


4.186 Aft * 


0.S82 



„ t (1.61) (7060) ± (0^864) (7426) . 3*3 

(0.58f) (14486) cel/sec/mV 013 
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TABLE I 



Ter?? erature Pecordln» a of Control Plate 
and Test Inr Box 



Time 

Minutes 




Temperatures 


in °C 






Dial at 15° C 


Dial at 20^ 


Cold 

Junction 


Central 

Plate 


Differ- 

ence 


Cold 

Junction 


Central 

Plate 


Differ- 

ence 


00 


25.9 


40.7 


14.8 


24.8 


44.8 


20.0 


05 


25.8 


40.8 


15.0 


24.5 


44.5 


19.8 


10 


25.6 


40.6 


15.0 


24.5 


44.2 


19.7 


15 


25.5 


40.5 


15.0 


24.8 


45,0 


20.2 


20 


25.2 


40.2 


15.0 


24.9 


44.9 


20.0 


25 


25.5 


40.6 


15.1 


25.0 


45.0 


20.0 


30 


25. 5 


40.6 


15.1 


25,0 


45.0 


20.0 


35 


25.5 


40.5 


15.0 


25.2 


45.4 


20.2 


40 


25.4 


40.4 


15.0 


25.1 


45.3 


20.2 


45 


25.8 


40.9 


15.1 


25.0 


45.2 


20.2 


50 


25.4 


40.6 


15.2 


25.0 


45.0 


20.0 


55 


25.8 


40.6 


14.8 


24,5 


44.8 


20.2 


60 


25.5 


40.5 


15.0 


24.8 


45.0 


20.0 


Total 

Average 


195.1 


Total 

Average 


260.5 


15.008 


20.04 



TABLjft II 



Identification of Fabrics Used In This a ork 



Fabric 


lescrintion 


Thick- 

ness® 

Inches 


Ounces 

per 

Yard 


Apparent 
Fensity 
/ ft* 5 


l eraea* 
bllityb 


I 


Cotton shooting 


.0075 


5.25 


5C.0 


52.5 


£ 


Tropical worsted 


.0154 


6.50 


54.1 


80.0 


5 


Cotton twill 


.0197 


8.0 


55. C 


12.2 


4 


$ool dress goods 


.0208 


6.1 


21.2 


126.8 


5 


ftool double cloth 


.1054 


£5.5 


19.1 


58.2 


6 


Potible loop frlese 
bool pile - 
Cotton beck 


• 251 4 


15.6 


6.16 


60.0 


7 


Alpaca pile - 
Cotton back 


.2550 


15.2 


4.5 


29.5 


8 


Dynel pile - 
Cotton back 


.0552 


£5.1 


5.59 


75 


9 


liynol pile - 
Lyncl back 


• 6696 


21.4 


£.66 


185 



a - 1 - C in oocoi’dsoco with A8TM standards 
6-9 with sero pressure 



b - Gurley poroseomoter 
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TABLE III 

Current Settings for ja Temperature Gradient of 20° C 



Approximate 

Fabric 

Thickness 

Inches 


Estimated 

Heat 

Transfer 


Current Settings 


- Amperes 


Central 

Plate 


Top 

Guard 

Unit 


Bottom 

Guard 

Unit 


Shelf 

Guard 

Unit 


High 


Low 


0.0 - 0.05 


1.50 - 2.10 


0.55 


0.18 


0.70 


0.60 


O.CO 


0.05 - 0.15 


1.00 - 1.50 


0.50 


0.15 


0.60 


0.60 


0.60 


0.15 - 0.40 


0.70 - 1.00 


0.25 


0.12 


0.60 


0.60 


0.60 


0.40 - 0.70 


0.0 - 0.70 


0.25 


— 


0.60 


0.60 


0.60 



i 



TAELI. IV 



/tenures end Volts fnr Control frlnta ; or tine Coll 



1 


E 




•le 


1.45 


.174 


.15 


1.90 


• £ C 5 


.18 


2.13 


.383 


.£0 


£.50 


.500 


• 25 


5.10 


.775 


.28 


3.60 


• 980 


.50 


3.70 


1.11 


.25 


4.31 


1.51 


.40 


4.98 


1.99 


.45 


5.55 


2.60 


.50 


6.20 


3.10 



T3BLE V 



Constants Oaod In CoxT?Dutntlons 



9 


4.186 M 


16 


.437 


20 


.582 


£5 


.727 


30 


.871 


35 


1.020 


40 


1.164 



TABLT VI 



v4* 



Qfttft for To, bio VII 







Amperes 


511:© 


Tin© 










j’obrlo 


f 


rnffr 


L<?w 


Otort 


ftoa 


T 


t 


T - t 


K 


1 


80 


*40 


*50 


11-38*07 


15-50-45 


6465 


1660 


4037 


2.00 












€4 

0 

t 

1 

*** 

fH 


3980 


1045 


?137 


£.04 


e 


ao 


*40 


*50 


11-55-10 


15-50-01 


7011 


£096 


491 G 


1.62 












14-05-40 


10960 


3971 


€079 


1.80 












15-57-15 


14646 


6703 


8042 


i.ec 












10- £6-44 


18114 


7580 


1Q€?;6 


1.92 


*3 


15 


• CO 


til 


o> 

0 

1 

Cy 

■*?- 

1 

<U 

r-4 


16-055-59 


9661 


5733 




1.78 












16-2C-OC5 


14548 


8317 


6951 


1.7C 




£0 


9 vw 


.18 


09-55-00 


13-55- £9 


15769 


9147 


4 cat 


1*94 




£0 


• 45 


« s-il 


15-46-50 


14-47-18 


664® 


2020 


1652 


£.12 












15-47-63 


7f83 


4400 


2874 


1.04 












16-46-36 


10805 


6377 


4428 


2.04 










10-47-45 


11-49-60 


2705 


rsoi 


1314 


2.15 












11-60-10 


7345 


4816 


2550 


2.17 












13-46-40 


10075 


6756 


59? 0 


1.14 




35 


• 50 


.50 


11-01-06 


0 

S3 

1 

i'j 

a 

t 

<*%• 


5704 


£054 


1710 


£.15 












14-09-50 


11394 


06? 7 


5067 


1.06 












14«50*4o 


14516 


7582 


G034 


2.10 












16-00- £* 


179CC 


9685 


8181 


£.14 



i 



3b. 



r 




/aggros 


TjLsa© 


Time 










bftbrlc 




Hirji 


Low 


rt«ri> 


stem 


T 


t 


Z - t 


K 


4 


15 


r r- 

• f^V 


.12 


10-59-35 


11-50-00 


7853 


;;4i 


4490 


.904 












15-43-12 


11017 


€298 


4719 


1.10 














14020 


9049 


4371 


1.28 












14-53-44 


15249 


10120 


6091 


i.a 






.30 


,15 


03-45-30 


12-26-41 


9648 


5480 


6362 


*1 7n 

X • wt. 












13-2 1-54 


1 »rr rf ,*) 
X wow A. X 


4715 


8508 


1.32 




CO 


.35 


• IB 


00-00-46 


io-ro-50 


3010 


1467 


1533 


1.C0 












0 

I 

i4 

1 

rH 

s-HI 


6822 


3101 


5641 


1.56 












15-25-15 


15955 


eerie 


7159 


1*62 










11-55-05 


15-31-35 


7146 


2835 


4211 


1.53 












14-30-11 


10658 


3037 


6821 


1.4C 












15-29-50 


14237 


4903 


0334 


1.30 










10- 09- 40 


11-51-37 


3711 


1774 


1357 


1 . «*o 












15-00-06 


9020 


3540 


5400 


1.42 












15-20-45 


11559 


4786 


0551 


1.47 












14-28-55 


1452 9 


6167 


0162 


1.49 










10-41-10 


14-25-66 


13546 


5388 


7978 


1.44 










10-54-47 


14-56-13 


144C6 


7060 


7426 


1.59 




c5 


.50 


.50 


If-i 0-06 


16-22-52 


10366 


£608 


6750 


1.77 



3C. 



r 




Anr^ro® 


Tim© 


Tim© 








1 


p obv%o 




HW 


Low 


Ttr,?t 




T 


t 


T - t 




5 


£0 


• 40 


• 90 


10-97-34 


li- r c-n. 


54 GO 


1170 


6690 


1.70 












lf-CE-18 


7004 


1807 


5567 


1 « CO 












13-93-90 


10555. 


6303 


8169 


1.44 












14-97-40 


14406 


ooni; 


lit 94 


1.40 












16-35-50 


££.066 


4461 


17C05 


1 . .8 


0 


r.o 


♦ 95 


Mta 


10-94-47 


11-39-90 


3679 


6277 




.817 












3U-C6-S8 


7688 


5332 


- 


• 227 












14-45-04 


15497 


11462 


*» 


.988 


7 


90 


* *0 


• 15 


10-CC-19 


13-05-35 


7756 


6766 


4900 


♦916 












14-00-05 


11071 


6058 


GOlo 


1.05 












14-68-16 


14516 


Cl 51 


S2C5 


*995 












X 


10635 


6667 


10666 


.990 


8 


90 


.£5 


- 


19-39-96 


14- : 0-8 ft 


6610 


2075 


- 


• G58 












13—30—50 


11004 


5665 


- 


• C21 












16-59-00 


14194 


6605 


«• 


.615 


9 


£0 


• k4 


♦ 19 


io- s>; -r j 4 


1045-00 


10696 


634 


10062 


.250 



£sa££ iisiaal &£ l&di sL -Ini jjJmZ&i 



fptepfap 


aaaogrsturg Ctr&41<g.U _ _ 




jafe. 


ia ' 






ch 


1 




f *04 








s 




1*95.1 








s 


1*76 


1*94 




1*09 


’<• *14 


4 


1*S» 


1*60 






1*77 


6 




X*S8 








6 




*968 








7 




*999 








Q 




• 615 








9 




•SCO 
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1'iscussiOK /hi ccacx.u? ion: 

The automatic temperature controls hero proved 
very accurate. Tsbl# I shows a sorlea of reading a taken at 
both the fifteen end twenty decree contigrr.de differentials. 
The average for one hour at the fifteen degree sotting was 
in orror only 0.008 degree, while the twenty degree setting 
showed on error of 0.04 for an hour. The largest deviation 
In ony esao was 0.3 degree centigrade for the twenty degree 
setting. This amounts to only 1.5^ which. In this case. Is 
not significant* Even if s complete test were conducted 
with a temperature error of 0.3 degree centigrade, the 
computed coefficient of heat transfer would only bo changed 
by 0. Of. This is well within the reproducibility of the 
apparatus. One must r or. crib or that these results were 
obtained without e constant temperature in the tost chamber. 

• hon a new refrigeration unit i3 innfcnlled, the temperature 
control should be oven more accurate. It should be notod 
that any chcnge in the testing cabinet temperature requires 
n corresponding change In the central plate tesi erature In 
ordor to keep tho same temperature gradient. The apparatus 
makes this component?, on automatically, but one must remember 
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that the hort Input to the central plate Ib different when 
It Is being kept at e. constant temperature than when its 
temperature jsurt bo raised or lowered# It is also believed 
the tempercturo control con bo Improved by painting the 
central pleto and top guord unit with a bleck lacquer# This 
will not give a better control for any one test# but will 
give bettor temperature control ever a period of fclrso due to 
a noro constant enlssivity of the hot plate# 

Tho coefficient of hoafc transfer was determined 
for all tho fabric# at- the twenty degree differential# Time 
did not permit tests for all tho fabrics at tho other 
cettin^ o but tost® wore run at the fifteen decree gradient 
for fabrics 3 and 4# Before the refrigeration unit bocme 
Inoperative, tests were run at the thirty-five degree 
gradient for fabrics 3 and 4 end aleo at thirty degrees for 
fabric 3# The results obtained in all of the tests are 
shown in Table IV# 

Tho relationship between tho coefficient of heat 
transfer end temperature gradient is shown on figure III# 

The coefficient actually increases somewhat with en in ere nee 
in temperature differential# It means that more heat is 
t ran emit ted por degree centigrade for a greater tnnperaturo 
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gradient* This behavior way bo du© to increased radietion 
loos but way also bo effected by convection of the air 
abcvo the fabric* One night ascuroe that the prece ure of 
reporting the coefficient of licet transf r ac calories/ 
socand/^^^^/^S * 00 centigrade is net justified, dei-cvox** 
thlc docs reduce the coefficient to en approximate cordon 
basis for different temperature gradients. However* In 
reporting any reoulto, tho temperature differential used 
should bo stated* This ’ ould be necessary for any sfctespt 
at correlation between different laboratories or 
apparatuses* For use at Lowell Textile Institute* it is 
believed the bast r-oaulis will be obtained if a standard 
temperature differential is chosen and all work done with 
this gradient for a coRps risen of results. 

As stated previously* theoretically, the length 
of tine of a tost nay be any deaired interval es long as it 
covers complete cycles cf tho high end low currents* How- 
ovex', in actual practice, it hao been found that a four- hour 
test gives tie best x’eoulto for fabrics tooted at a twenty 
degree differential. That is* the four- hour tests see*, to 
give the boat reproducibility* However, when, the saggoc- 
tions for future wn& arc carried though* it may be found 
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that e auch shorter toot will givo accurst© results. An 
attempt should be Made to reduce the testing tic© an nuoh ao 
possible In order to allow more teat a to bo conducted in any 
on® ork day* A positive statement can not bo od© concern- 
ing the length of ti«« to conduct e teat. The data in 
Table VI is ,-re»onted lr* such c manner that the coeffici nt 
of heat transfer Is computed frcaa the original starting time 
in each case. That Is, the three-hour result includes the 
total time of three hours and not Just the hour time inter- 
val between the two end three hour readings. Ho definite 
trend exists In any of the results. In ease cases the 
coefficient of heat transfer Increases with each hour of 
testing while In others it decreases. In still other 
Instances, the coefficient increases and then decreases 
during a period of four hours* while for other fabrics, the 
results show first a decrease end then on increase. Iven 
for n single fabric the coefficient will increase during a 
test in one instance end decrease In another. i»o on© period 
of ©11 the tests can be eliminated to give hotter results. 
That is, the first hour results does not allow e wide voric- 
tlon from the regaining hours, nor does it coincide .1th a 
coefficient of heat transfer eesajuted for r two, three, or 
four hour tost. 
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A plot of the coefficient of h nt transfer versus 
thickavass of fabric is shown ir. Figure IV. Figure V ah’ "a 
e plot of coefficient of heat transfer versus apperent 
deosi ty* Apparent density was computed freer the weight per 
yard and thickness as shown in Table II* These greoha show 
that the best correlation is between thickness of fabrics 
and heat transfer. This same fact has boon brought cut by 
previous studies* 1- . For actual us®, however, the thiciiicss 
of fabrics * ill vary with ccropreecicr, wear or location in 
a garment « Thus, e cotton blanket m*y eppoer Just as worm 
as a wool blanket whan tested in © now condition but, after 
six months’ use, the effective thickness of th cotton ill 
bo much leas, duo tc the higher resilience of the wool* 

TM® testing was conducted without pressure on top of the 
fabric but, for such things as cold weather boot insulation, 
a pressure per square inch equal to that exerted by a ’van's 
weight rust be used to give results that are closer to tbs 
actual value® found in use. Treasure on the fabric could 
be produced by a metal plate with a thermocouple to give 
the temper* ture difference between the hot end cold jlstes. 

X* ” 6. r - Ins ton i B. Ba her, i«caurt*>e»fc oi Ihe The ratal 
Tremsnission of Textile Fabrics, AST- Bui* i\o. 1C, , 

Bee. 1043 



The coefficient; of host transfer of 1*^.0, s 
sbovn in Table VII for fabric 4, r;ao obta ined frm an 
overage of five four-hour tecta, The results varied from 
1*^0 to 1.61 es ohovn In Table VI. Z e frrif tione aeny bo 
due to the fact thu t the teetp cratur- of th'* testing, cabinet 
was not controlled, or to vrrletions In volt&g: supplied to 
the central plat© heating coil. If these are not the 
cause, e l»rge nucxb or of testa will bo required for testing 
amoll differences in rerterisla. However, it is b-lievcd 
that with the tooting erbinet kept at © constant ter,, era- 
turo end « constant- voltage supply, th*> reproducibility 
should be such that anoall vcrl? tiens in thermal transmit- 
tance of fabrics can bo roc cured with «. single test on c^ch 
fabric. 
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? OOP P r . XQ) F rO , FI TUh CmK 

X, After r new refrigeration unit hoe been Installed, 
cheek the fif>, 20, 25, end 40 degree settings of the 
temperature rheostat for any slight inaccuracies. 

2, Toot many more fabrics of varying thicknesses^ to 
dotorrJ.no the accuracy of the curves shown on 
Figures III end IV. 

3, Paint central plato v.ith a black lacquer to glvo It 
approximately the csrdaalvlty of the human body. This 
will also prevent changes in ©miooivlty due to 
oxidation of the copper plate. 

4, Tost fobx'ics that ore alike except for color, to 
determine effect of color on thermal transmission, 

5, Test different layers of the acme fabric. 

G. Attach a fen inside the test cabinet to determine the 
effect of wind velocity on tho fabrics already tested. 

7* & more constant voltage supply or uao of a watt-hour 

meter should give better reproducibility of results. 
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